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TITLE: Multidrug resistance-associated polypeptide 



Brief Summary Paragraph Right { 5 ) : 

A significant survival advantage is associated with the acquisition of a 
multidrug-resistance phenotype, which arises from expression of a cellular gene 
encoding a protein that removes diverse chemotherapeutic drugs or drug metabolites 
from the intracellular milieu. Drug export diminishes cytotoxic effect, thereby 
protecting the transformed cell from otherwise lethal chemotherapeutic drugs or drug 
concentrations. To date, two genes encoding multidrug-resistance export proteins 
have been identified in the human genome. The first of these, MDRl , encodes 
P-glycoprotein, a 170 kDa multispanning transmembrane protein belonging the ATP 
Binding Cassette (ABCJ^ T ransport er pro te in superfamily. Lautier et al . (1996), 52 
Biochem. Pharmacol. 967-977. Superfamily members are multispanning transmembrane 
proteins that transport substances into or out of the intracellular environment in 
an energy-dependent manner. Higgins (1992), 8 Ann. Rev. Cell Biol. 67-113, provides 
a general overview of the properties and natural occurrence of superfamily member 
proteins. ABC transporters have been identified for a large variety of structurally 
diverse transported substrates, including sugars, peptides, inorganic ions, amino 
acids, polysaccharides and proteins. Individual transporter proteins appear to 
function unidirectionally , i.e., to carry out either export or import of 
intracellular substances. Thus, P-glycoprotein functions by exporting 
chemotherapeutic drugs which, although structurally heterogenous, appear to share 
hydrophobic properties. P-glycoprotein overexpress ion correlates with the presence 
of a multidrug-resistance phenotype in diverse tumor cell isolates and tumorigenic 
cell lines. Significant effort has been invested in the development of agents to 
block or attenuate P-glycoprotein mediated drug export. Such agents are referred to 
commonly as "chemosensitizers " or "MDR reversal agents," and are disclosed in Halt 
et al. (1992), U.S. Pat. No. 5,104,858; Sunkara et al . (1993), U.S. Pat. No. 
5,182,293; Sunkara et al . (1993), U.S. Pat. No. 5,190,957; Ramu et al . (1993), U.S. 
Pat. No. 5,190,946; Powell et al . (1995), U.S. Pat. No. 5,387,685; Pi wnica -Worms 
(1995), U.S. Pat. No. 5,403,574; Sarkadi et al . (1995), PCT Publication WO 95/31474; 
Sunkara et al . (1996), U.S. Pat. No. 5,523,304; Zelle et al . (1996), U.S. Pat. No. 
5,543,423; Engel et al . (1996), U.S. Pat. No. 5,556,856; Powell et al . (1996), U.S. 
Pat. No. 5,550,149 and Powell et al . (1996), U.S. Pat. No. 5,561,141. However, 
P-glycoprotein overexpression does not account for all instances of the acquisition 
of a multidrug resistance phenotype. Lautier et al . (1996), 52 Biochem. Pharmacol. 
967-977 . 

Brief Sum mary Paragr ap h Right (6) : 

A second multidrug-resistance gene identified to date in the human genome encodes 
multidrug-resistance associated protein (MRP) , a 190 kDa multispanning transmembrane 
protein also belonging to the ABC T ransporter protein superfamily. l^RP is described 
in Deeley et al . (1996), U.S. Pat. No. 5,489,519, the teachings of which are 
incorporated by reference herein. MRP shares only 15% sequence identity with 
P-glycoprotein at the amino acid level. In addition, MRP differs from P-glycoprotein 
in its ability to expel specific types of chemotherapeutic drugs from the 
intracellular milieu. These differences are thought to arise from differences in the 
drug expulsion mechanism of the two proteins: MRP appears to act on a 

glutathione-derivatized drug metabolite, whereas P-glycoprotein appears to act on an 
underivatized drug. Lautier et al, (1996), 52 Biochem. Pharmacol. 967-977. 
Significantly, agents that block or interfere with P-glycoprotein function appear to 
have little crossreactivity with MRP. Thus, significant effort is being invested in 
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the development of substances (MDR reversal agents) that block or inhibit MRP 
function . 

Brief Summary Paragraph R ight (9) : 

The present invention capitalizes on the unexpected discovery of a novel gene 
encoding a hitherto-unknown multidrug-resistance associated polypeptide (MRP) . This 
novel polypeptide, designated herein as MRP-.beta., is encoded in the human genome 
and is expected to be found in the genomes of additional mammals. MRP-.beta. likely 
is a transmembrane-spanning, energy- dependent transporter or pump, as are other 
members of the ATP Binding Cassette (ABC) Transporter Prot^i^n superfamily to which 
the known proteins MRP and P-glycoprotein belong. It is likely that MR£ z . beta . is 
disposed in" the plasma" membrane of a mammalian cell, and f unctions_^_y ejectinjg 
intracellular substances, such as cljemotherapeutic drugs. Alternatively, MRP-.beta. 

"^may span"a^vesTcuIar~ mernb and functioh'try^ sequestering intracellular 

substances. Elevated levels of expression of the novel MRP-.beta. gene, or of 
bibactivity of the novel MRP-.beta. polypeptide encoded by this gene, accordingly 
are expected to contribute to the emergence and/or persistence of a 

naultidrug-resistance phenotype in transformed mammalian cells, such as carcinoma 

cells, including adenocarcinoma cells. Elevated expression or bioactivity of 
MRP-.beta. similarly is expected to contribute to the occurrence of a 

' "Ifiultidrug- resistance phenotype in sarcoma cells and in transformed cells of the 

hematopoietic lineage,, including leukemias, lymphomas "and lymphds"arcomas . MRP-.beta. 

— is^-likely to account for multidrug-resistant mammalian cell phenotypes that are 
refractory to treatment with reversal agents that interfere with expression, 
production and/or function of P-glycoprotein or of MRP. 

Brief Summary Paragraph Right (15): 

In a second aspect, the invention features an MRP-.beta. polypeptide, the amino acid 
sequence of which comprises SEQ ID No : 2. More generally, the invention provides 
MRP-.beta. polypeptides, and unique fragments (epitopes) thereof, that are encoded 
by any of the above -described MRP-.beta. nucleic acids. For example, the invention 
provides MRP-.beta. polypeptides, the amino acid sequences of which comprise a 
sequence sharing at least 75% sequence similarity (as defined herein) with SEQ ID 
No: 2. Such MRP-.beta. polypeptides include naturally-occurring variants (e.g., 
polymorphic variants, phylogenetic counterparts of the presently disclosed human 
MRP-.beta., and/or naturally-occurring mutant variants, particularly mutants 
associated with the process of somatic cell transformation or turaorigenesis ) and 
biosynthetic variants produced by routine molecular engineering techniques. Based 
upon an assessment of its sequence similarity to known proteins, such as MRP, the 
present novel MRP-.beta. polypeptide is believed to be a novel member of the ABC 
Transporter Pro tein superfamily. Thus, it is anticipated that MRP-.beta. 
polypeptides will be displayed on the surface of cells expressing an MRP-.beta. 
gene, such as multidrug resistant tumor cells or transfected host cells. Of course, 
it is also possible that MRP-.beta. will be incorporated into intracellular 
phospholipid membranes, such as vesicular membranes. Cellular production of 
MRP-.beta. is expected to contribute to the emergence and/or persistence of a 
multidrug-resistant phenotype in transformed mammalian cells. The present invention 
provides various specific MRP-.beta. polypeptide embodiments, including MRP-.beta. 
polypeptides immunogenically displayed on intact host cell membranes or cell -free 
membrane fractions derived from host cells; MRP-.beta. polypeptides incorporated 
into synthetic or non-cellular phospholipid membranes or micelles, and MRP-.beta. 
polypeptides and polypeptide fragments isolated in substantially pure form. Any of 
the foregoing polypeptides, or unique, immunogenic fragments (epitopes) thereof can 
be used to induce immune responses in human or nonhuman mammals. 

B rief Summary Paragraph Right (17): 

In a fourth aspect, the invention features expression vectors comprising nucleic 
acid encoding an MRP-.beta. polypeptide comprising an amino acid sequence that 
shares at least 75% sequence similarity with SEQ ID No ; 2. The nucleic acid sequence 
of an exemplary expression vector thus comprises SEQ ID No: 1. The nucleic acid 
sequence of another exemplary expression vector comprises the sequence of MRP-.beta. 
cDNA deposited on even date herewith. Additional exemplary expression vectors 
comprise nucleic acid encoding variants, whether biosynthetic or naturally- sourced, 
of the presently disclosed MRP-.beta. polypeptide. Certain emiodim.ent s of the 
present expression vectors encode chimeric polypeptides in which one or more 
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MRP-.beta. amino acid residues are substituted by the corresponding residues of 
another ABC Transporter Protein superfamily member, such as MRP or P-glycoprotein . 
Such embodiments are expected to facilitate elucidation of the molecular basis of 
multidrug resistance phenotypes, and thence to facilitate design or screening of 
novel inhibitors of multidrug resistance. In addition to nucleic acid encoding the 
MRP-.beta. polypeptide, the present expression vectors comprise one or more 
expression control elements (e.g., promoter, transcriptional initiation site, 
termination site and the like) to direct the production of the encoded MRP-.beta. 
polypeptide in prokaryotic or, preferably eukaryotic, host cells. Optionally, the 
present expression vectors further comprise a selectable marker gene. For use with 
eukaryotic host cells, the present expression vector may still further comprise one 
or more retroviral components to promote infectivity and uptake by eukaryotic, 
preferably mammalian, cells. 

Brief Summary Paragraph Right (27) : 

Further general aspects of the invention feature therapeutic methods and 
compositions, including one or more modulators (stimulators or, preferably, 
inhibitors) of the expressed MRP-.beta. gene and/or protein. Accordingly, the 
invention provides means for mitigating (detectably decreasing or otherwise 
affecting) aberrant expression of an MRP-.beta. gene, or aberrant production or 
biological function of an MRP-.beta. polypeptide. The invention thus provides means 
for attenuating an undesirable phenotype, such as a disease-associated phenotype, 
that is contributed to by MRP-.beta.. In preferred embodiments, the invention 
provides means for attenuating a multidrug-resistance phenotype, particularly a 
phenotype contributed to by MRP-.beta.. More particularly, a seventh aspect of the 
invention features methods for mitigating aberrant expression of an MRP-.beta. gene, 
and/or aberrant alteration or biological function of an MRP-.beta. polypeptide. One 
embodiment involves the administration of an antisense pharmaceutical composition of 
the present invention to a mammal suffering from effects of the aberrant phenotype 
associated with altered expression and/or function of MRP-.beta.. Another embodiment 
involves the administration of an antibody or fusion polypeptide of the present 
invention. In either embodiment, the therapeutic agent is administered systemically 
or locally under conditions sufficient to mitigate or attenuate the aberrant 
MRP-.beta. associated phenotype. Preferably, the therapeutic agent is administered 
under conditions sufficient to destroy cells aberrantly producing MRP-.beta.. In 
this manner, the invention provides means for destroying multidrug-resistant tumor 
cells in situ in the body of a mammal. In preferred embodiments, either of the 
foregoing therapeutic agents can be administered as an adjuvant to conventional 
chemotherapy. That is, either of the foregoing therapeutic agents can be 
coadministered together with one or more chemotherapeutic drugs. The present 
antisense or fusion polypeptide therapeutic agent can be administered prior to, 
concomitant with, or following administration of one or more chemotherapeutic drugs. 
In such embodiments, the antisense pharmaceutical composition mitigates resistance 
of MRP-.beta. expressing cells to the cytotoxic effects of the chemotherapeutic 
drug. That is, the antisense composition attenuates the MRP-.beta. phenotype, which 
is expected to be characterized by display of an ABC Trans por ter P rotei n family 
member (MRP-.beta.) and by the property of multidrug resistance. This is 
accomplished by disrupting activation or transcription of the MRP-.beta. gene, or by 
destabilizing RNA transcripts thereof. Diminished or discontinued expression of 
MRP .beta, renders cells m.ore susceptible to the cytotoxic effects of a 
chemotherapeutic drug that otherwise would be exported by MRP-.beta.. Similarly, a 
therapeutically administered cytotoxic fusion polypeptide localizes in the vicinity 
of cells aberrantly displaying MRP-.beta., producing cytolysis thereof. A 
chemoattractant fusion polypeptide also localizes to MRP-.beta. displaying cells, 
stimulating destruction thereof by macrophages, killer T cells or cytotoxic T cells. 



Drawing Description Paragraph Right ( 3 ) : 

FIGS. 2A-2B is a text representation comprising aligned amino acid sequences of the 
known ABC T ran spo rter Prot ein superfamily member MRP (described in Deeley et al, 
(1996) U.sT Pat. No. 5,489,519), and of the novel MRP-.beta. disclosed herein. 
Dashes (~) indicate gaps introduced to maximize alignment of similar sequences; 
asterisks (*) indicate the locations of identical aligned amino acid residues. 

Detailed Description Paragraph Right ( 2 ) : 
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T^^H^nr, rpqistance is associated with expression and 
The functional property of "^^l^^^^^^,^^ transporter Protein superfamily members wrth 
cell-surface display o °ne or more f^^f:^^^^^^-^^ or MRP-.beta. as 
energy-dependent export described in Mirskr et al . (1987) was 

disclosed herein) . The J P°P^^^^^°^^^^e 1650-1654 to overexpress MRP (a 
reported in Cole et al . (1992), 258 Science id g^ience 879). Currently, 

correction of , -P^-^^^.^^^^^rtr^-Tycopr^^^^^ MRP, or nucleic acid probes 

antibodies specifically ^^^^^^''^^^^^^^g.^ nucleic acid sequences, are used to 
specific for the corresponding ^^P^^^'^^^^'^^'^J^tance ma given cell population, 
ascertain the molecular basis ormed cells in the body of a 

Where the cell population m question ^^^^^^^^^^^^^.^ the observed phenotype can 
cancer sufferer, determination °f , ^he molecular basi^^ so-called 
assist the clinician m ascertaining whether . ^^ich affect 

..chemosensitizers" or "MD^ ^7"?^^ 'knowledge of the molecular basis of the 
P-glycoprotein, is ^PP^^P^^^^nforma^lon relevLt to developing or revising a course 
observed phenotype provides "^^^^^^^.^^ 53 cancer Res. 1747-1750, cautions, 
of disease management, f ^^^'^^f ^J^^ J^'f^iion of MRP does not account for all forms 
however, that the induction °J °7^^JP^"""'°ot attributable to P-glycoprotem 

^^j:^^^^"-^ S-iy'e-sflrS ^^mLlian 

{{---h^LrgSLf afd^S^^^ — -c^ of multidrug-resistance 

in transformed cells. 

Dltailed_DescriEtion^^ ™cted to facilitate production of MRP-.beta. 

^j^^-— ^^^,^^-l^^ir^^II^initially are expecuea thereof. The MRP-.beta. 

polypeptides and structural and funcionalanalysis^th^^ ^^^^ ^ ^^^^^ ^ 

polypeptide ^""^P^^^^^^S^^^^/^ ^tein qSnSrally as described in Almquist et al . 
n^ultispanning transmembrane protein genera y ^^^^^ MRP-.beta. 

(1995), 55 cancer Res. - 110 . A signit ica p plasma membrane, with an 

produced in host cells is ^^P^^^ed to span the eel P endoplasmic reticulum 

additional portion being present ^^^^^ ,eils are expected to display 

and/or the Golgi ^PP^"^-%J^^^; ^ispanning ' MRP- - beta . polypeptide on the cell 
extracellular portions of the '"^Iti spanning ^^P-dependent sequestration or 

surface, appropriately configured t° -ediate the A P^, ^^^^^ conventionally 

export (efflux) of a plurality of ^V^otoxic drugs deduced from an 

Sd as chemotherapeutic agents These genera P-P-^J^ _ . ^.^a . polypeptide. FIG. 2 
assessment of the primary structure (sequence) o ^^^^^ MRP-.beta. 

sets forth an exemplary sequence ^^^^^^^f ^"^^g^^e of the MRP polypeptide of Deeley 
polypeptide (SEQ ID No: 2) -^^^^g^^^^^'^^e alignment and identity calculations were 
et al. (1996), U.S. Pat . No . ^'^^^'^^^.^ ^Lwn imith-Waterman algorithm for local 
obtained through application of well known b ^.itschul et al . (1990), 215 

alignment, using the PAM 120 . Sst match between two or more sequences 

J. Mol. Biol. 403-410, which a^^^f ^ains the D MRP-.beta. shares 

regardless of overall differences in sequence leng ^^^^ maximally aligned 

approximately 4 2-5% ammo acid sequence identity ^^^^.^^^^^ , ,ovel member 

894 amino acid residues MRP:-^beta^ according y ^, contribute to 

°^i^.SrSP^ilSSg^ — °- — 

„v,^2'^holipid membranes. 

Detailed__Descn:i£4o^^^ phenotypes vary with 

YT^^ be appreciated that the ^^^^^^ accounted for by expression or 

each individual cell type and are not wholly accou disclosed herein, 

overexpression of P-glycoprotem MRP ^^^^ p^^^ein family may be involved, as 

Rather, additional members of ^^^^f-^^^g^°slg^rT7ai^duction pathways or 
n,ay be one or more members of ^^^^^ pathways. The present discovery of 

intracellular metabolic or S^^^^h-regulatory pathway^ ^^P^ additional gene 
MRP-.beta. facilitates ^^^^^tigation mto tne ^ multidrug-resistance 

expression products in the acquisition /^^.'^^^^f ^^^^ides an improved method of 
phenotype. Specifically, the discovery of -^^eta^ p ^ .^^ ^^^^^ 

Identifying a gene, -P^^^-^^^^.^.^^f^^f^f^dSg Resistant phenotype in transformed 
contributes to emergence or maintenance or u y 
miam.m.alian cells. 
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Abnormal 



^.nv multidrug-resistance associated 
„rmai or aberrant phenotypes, ^^P^^^ii^^^^lities affecting MRP-.beta., can be 
phe^ot^^e^, that are contributed to by abnor.al.tx^ ^^^^^^^^ 
'-f.ftcall^ fh:~irn^°rovfd:r?Uerapeut.c co.pos^ --drng 

? ;,nnrleotide or a vector encoding an /cellular MRP-.beta. gene. 

?oTucleic°actd' corresponding - or trans^^^^^^^^ Haraccbinr et al (1^^^^ 

Stewart et al . (1996), 51 Biochem. P^^!'r^^°\^tisense -mediated attenuation of an MRP 
,T r pat No. 5,510,239, report successful antise ^.^^e to antisense 

multid?ug-resistance phenotype i^/^^^^^^J^^^e^luiar MRP tLnscript and polypeptide 
o^laonucleotides significantly ^^^^^ed intracelluia therein can be adapted 

production. By their nature, antisense o g ^^^^^^ phenotypic attenuation 
conditions . 

nPtailed Descriptiori_Para2ra2h_Ri3ht (63): MRP-.beta. confers the 

Slt^SW^fnOt^'^^ ied atinf sequestration or efflux of -e or 

above-described survival advantage oy m ^ member of the^BC 

sugars or fatty acids of dietary °^ °^ modifications as may be deemed 

protocols can be practiced with .^^ whether MRP-.beta. mediates toxin 

^i^orS by fluorescence "-if Z^lllf^^^.^ In Kr.shan ,1S90, , 33 

=SSl2l.^.'-=0?"i°co'. -a^ea .e?ein .V reference. 
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TITLE: Engineered antigen presenting cells and methods for their use 



CLAIMS : 



1. A cell of heterologous or xenogeneic origin that is not a professional antigen 
presenting cell, wherein said cell is engineered to express at least one ABC 
transporter prqte^-n and at least one costimulation molecule to function as an 
antigen presenting cell. 

10. A cell that is not a professional antigen presenting cell, wherein said cell is 
engineered to present a selected antigen to T cells and to suppress T cell 
activation by the selected antigen, and wherein said cell expresses at least one ABC 
transporter pr otein and at least one chemokine . 

19. A cell line that is not a professional antigen presenting cell line, wherein 
said cell line is engineered to express human HLA class I and class II molecules of 
different antigen specificity than the endogenous HLA molecules of said cell line 
and at least one ABC trans porter protein. 

20. The cell line of claim 19, wherein said ABC transporter protein is selected from 
the group consisting of TAP-1 and TAP-2 proteins. 
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